ABSTRACT
Introduction
At present, chlorhexidine preparations are among the most widely used antiseptic, and, in some cases, disinfecting agents (1, 2) .
Recent research has been increasingly focusing on the possible development of anti-disinfectant resistance in bacteria, analogous to antibiotic resistance (3) (4) (5) . In the present study, I determine the minimal inhibitory concentration (MIC) of chlorhexidine gluconate for Enterobacter cloacae, Pseudomonas aeruginosa, and Serratia marcescens and follow up the resulting post-treatment changes by scanning electron microscopy.
Materials and Methods
Growth conditions and determination of MIC Bacteria were cultivated on liquid soy-casein medium and incubated in thermostat for 24 h at 37°C. Determination of MIC was carried out using standard bacterial suspension at a turbidimetrically measured density of 10 8 microorganisms/ml. Serially diluted aqueous solutions of Hibitane gluconate 20% (chlorhexidine -1,6-di[4'-chlorophenyl-diguanido]hexane; ICI Pharmaceuticals, UK) were used by mixing 5 ml of the tested dilution of Hibitane gluconate with 5 ml twofold concentrated solution of liquid soy-casein medium, inoculation of the mixture with 0.1 ml of standard suspension, and 72 hr incubation in thermostat at 37°C. The dilution, at which no growth was found, was accepted as the inhibition titer.
Hibitane gluconate treatment
The chlorhexidine solution with the lowest effective concentration was added to a fresh bacterial suspension containing 10 8 microorganisms/ml at a 1:1 ratio. The mixture was incubated at room temperature for 30 min. In the controls, saline solution (0.9% NaCl in doubly distilled water) was added at the same ratio (6) . Preparation of samples for scanning electron microscopy (SEM) Bacteria, treated with MIC of chlorhexidine gluconate, and the controls were fixed in ethanol at room temperature for 1 hr, rinsed three times with saline, followed by dehydration in increasing ethanol concentrations and air-drying. Gold contrasting was carried out in argon atmosphere using Edwards S 150 A apparatus. Electron microscope Opton 10 CM equipped with a scanning device was used for observations.
Results and Discussion
Electron microscopy observations revealed the following characteristics of the microorganisms under study:
Chlorhexidine-treated bacteria differed in their shape and size from the control bacteria. Fig. 1a shows S. marcescens prior to treatment, with all bacterial cells possessing an oval shape and falling in a narrow size range. After treatment with 62.5 mg/L chlorhexidine (MIC), multiple elongated cells with highly varying sizes were found (Figs. 1b and 1c) .
Similar changes were observed in E. cloacae. Instead of the regular spherical shape with comparatively smooth outlines and very weak relief on the surface of nontreated bacteria (Fig. 1d) , asymmetric giant bacterial cells with highly deviant shape and rough surface were observed upon treatment with a MIC of 7.8 mg/L chlorhexidine (Fig 1e) . Another kind of changes were surface deformations of bacterial cells. They ranged from individual bumps, buds, grooves, and cavities to overall cell wall wrinkling. This was very clearly manifested in P. aeruginosa (MIC 62.5 mg/L; Fig.  2c) , and in E. cloacae (Fig. 1f) .
In some cases, cell wall disruption was observed as cracks, holes or even cell lysis (Figs. 2a, 2b, and 2c) . This was seen in SEM pictures as decreased wall density in the vicinity of damaged sites. In some places, clusters of numerous fused cells were seen (Fig. 2d) .
In addition to those changes [also described in (7)], I observed cell wall disrup-tion in the initial stage of cell wall formation, i.e. when the immature wall is still inside the cell.
Deviations from the average cell size in microbial populations are probably due to disturbances in cell division and inability to form a dividing wall between the daughter cells that, therefore, cannot separate. Similar size and shape anomalies have been described in bacteria, treated with other biocidal substances, e.g. antibiotics (8) , and surfactants (9) . My suggestion is that the size and shape variation observed here is due to formation of chemical bonds between surface polysaccharide components of the cell wall as a result of disrupted equilibrium of surface macromolecules upon raising of chlorhexidine concentration.
The observed chlorhexidine gluconateinduced morphological changes in Gram negative strains are similar to those, observed in Staphylococcus aureus, which supports a membranotropic mechanism of action for this substance.
Similar changes in surface bacterial structures have been found in chlorhexidine-sensitive S. marcescens strains, but not in chlorhexidine-resistant strains (10) . Bacterial lysis and coagulation as well as chlorhexidine bigluconate-induced cell wall shedding have been described in P. aeruginosa (11) .
